guanine, and uracil (A, C, G, and U), each specific for an amino acid, and each containing one of the 64 possible three-letter permutations of A, C, G, and U. Nirenberg and Matthaei found that synthetic polyuridylic acid could function as messenger RNA in coding the biological synthesis of polyphenylalanine.29 It was then reported by Speyer and co-workers that copolymers of various ribonucleotides would code other amino acids25 provided that uridylic acid was included. Studies with these copolymers in cell-free systems led to the assignment of triplet codes for amino acids34' 3 and many of these codes were confirmed by Nirenberg's group. 26 Table  1 shows the base assignments for the various code triplets and is taken largely from Table 4 in the article by Speyer and co-workers. 35 The remarkable list in Table 1 has the following characteristics: (a) Although 37 triplets containing U are possible (43 -33) only 23 amino acid codes are assigned by it. These are for the 20 amino acids involved in protein synthesis8' 10 plus 2 extra codes for leucine and one for asparagine. (b) The presence of these three extra Table 2 .
Wahba and co-workers43 have recently prepared polyribonucleotides by attaching single and double adenylate and guanylate groups to the end of polyuridylate chains. These polyribonucleotides were found to code polyphenylalanine chains with an additional amino acid consisting of tyrosine for AUUUUU... U and AAUUUU... U, and cysteine for GUUUUU...U and GGUUUU ...U. This indicates that AUU and GUU are the codes for tyrosine and cysteine respectively, and that AAU and GGU do not code. Instead, the system apparently ignored the initial A and G of the AA and GG pair. From this it may be deduced that with polyribonucleotides composed of A or G followed by poly-U, and containing 3x bases, a terminal tyrosine or cysteine was incorporated, but when the number of bases was 3x + 1 or 3x + 2, phenylalanine alone was incorporated. Similarly, it may be deduced that with polyribonucleotides starting with AA or GG and containing 3x + 1 bases, a terminal tyrosine or cysteine was incorporated, but when the number of bases was 3x or 3x + 2 phenylalanine alone was incorporated. From these observations, the following inferences may be drawn for the sequences of bases in the triplets by using the mutations listed in Table 2 : tyrosine is AUU and cysteine is GUU; histidine (from tyrosine) is AUC or ACU; arginine (from histidine) is GUC or GCU; glycine (from arginine) is GUG since GGU does not code; therefore arginine is GUC and histidine is AUC. Aspartic acid (from glycine) is GUA or AUG; glutamic acid (from glycine) is a AUG or GUA; lysine (from aspartic acid) is AUA; asparagine (from lysine) is CUA because AUC is occupied; serine (from asparagine) is CUU. Alanine (from asparagine) is CUG; valine (from-alanine) is UUG; glutamic acid (from valine) is AUG of AUG or UAG and aspartic acid by elimination is GUA. Isoleucine (from valine) is UUA, threonine (from isoleucine) is UCA. methionine (from threonine) is UGA, glutamine (from valine) is UCG.
and a second serine (from threonine) is UCU. Tryptophan is UGG and the second asparagine is UAA because GGU and AAU do not code. Leucine is UAU, UGU, and UUC by elimination. Proline is CUC and UCC from serine and leucine and by elimination of CCU on the assumption that all triplets contain U in either the first or second position; phenylalanine is UUU. Only 18 of the 37 amino acid changes in Table 2 were used in this procedure. The other 19, with the exception of glu to gluNH2 and aspNH2 to arg, which will be discussed below, all serve to reinforce the conclusions drawn with respect to the assignments for letters in the code triplets shown in Table 3 . Returning to Table 1 , it now becomes evident that 25 code triplets are assignable to it and satisfy its requirements. The assignment of two codes to serine satisfies the requirement for CUA/CUU and UCA/UCU mutations. The presence of U in either the first or second position in all triplets is noteworthy.
The mutation glu to gluNH2 occurs in hemoglobin G Honolulu37 and hemoglobin D: Punjab.' This mutation indicates CUG for glutamine in terms of an AUG sequence for glutamic acid. Under these conditions, alanine (from valine) becomes UCG so that the interchanges glu/ala and aspNH2/ala are at variance with the code sequences in Table 3 . It does not seem possible to resolve this point without the use of a device such as postulating an alternate code of UAG for glutamic acid to give UCG for glatamine. Further experimental evidence is needed on this question. The mutation aspNH2 to arg in TMV represents a two-base change unless an alternate code such as GCA is postulated for asparagine, and GCU for arginine. The code of GCU for arginine satisfies the arg/ser (GCU/UCU) mutation. 15 Discussion.-The code in Table 3 fulfills the following requirements: (a) It is in agreement with the experimental observations concerning amino acid incorporation in cell-free systems,26 35 (b) it fits the concept that mutations can result from single base changes; 46 of the 48 mutations in Table 2 are found to correspond with this, (c) it provides sequential code triplets for the 23 different three-base combinations that have been assigned to the 20 amino acids. 35 The assignment of two codes to both serine and proline was made on the basis of mutational possibilities. In addition, the results of Speyer and co-workers35 indicate that the amounts of serine and proline incorporated by UC and UAC polymers were in excess of the amounts predicted by the calculated phe: leu: ser: pro ratio, and Matthaei and co-workers26 found that twice as much serine as leucine was incorporated by using UC of 0.39:0.61. Further quantitative studies are needed.
The hemoglobin A2 chain cannot be regarded as being formed by a mutation from hemoglobin A. However, peptide T26 of A2, a tridecapeptide, contains a single amino acid change (glu/ala) from A; peptide T25, a nonadecapeptide, contains a single change (thre/ser), and the octapeptide T12 contains two changes (ser/thre and thre/aspNH2). These four changes, in view of their occurrence in juxtaposition to peptide sequences that are identical with those in hemoglobin A, are suggestive of point mutations, and were included in Table 2 but have been used only for supporting rather than for establishing the proposed triplet sequences.
Mutations produced in TMV RNA by nitrous acid could be due to C to U and A to G (A to hypoxanthine (H)) changes35 and 10 such changes are listed in Table  2 . Ten other changes are also listed, 6 of which are assumed to be transversions (pyrimidine/purine or purine/pyrimidine changes9) and there is some justification for concluding that some of these occur spontaneously in TMV. 46 Treatment with nitrous acid may precipitate the occurrence of transversional nondeaminative changes in "sensitive spots" in the RNA chain when it is replicated. It is also possible that apparent transversions in terms of the "U-code" may actually represent transitional deaminative changes9 in non-U coding triplets, the composition of which is unknown; for example, aspNH2 to lys, listed in Table 2 as CUA to AUA, could possibly represent a change of GCA to ACA and glu to ala could represent a change of UAG to CAG.
Studies by Jacob and Monod23 indicate that not all of the DNA strand engages in the production of messenger RNA that is used as the template for protein synthesis ("structural" messenger), and that some regions of DNA have regulatory and "operator" functions. Weed45 found that treatment of B. subtilis with copper salts produced a stable form of the organism in which the DNA contained 65% guanine + cytosine as compared with 42% in the parent strain. This variability in the base content of DNA, which has also been reported on an interspecies basis,36 may possibly indicate the existence of a variable region of DNA, high in G + C, that is not involved in furnishing the code for proteins. Another possible function for DNA is involvement in the production of transfer RNA and ribosomal RNA.
The average base composition of the "U-code" is 48% U and about 17% for each of A, C, and G, while the base composition of messenger RNA from various sources is 27-31% A, 15-24% C, 21-24% G, and 28-35.5% U.4' 30, 31, 41, 42 The deviation of C: G from a 1.00 ratio may indicate that messenger RNA is the complement of only one of the two strands of DNA; this has been discussed elsewhere.6' 48
The excess of A recalls that poly-A has been found not to code amino acids26' 35 and this may suggest that sequences of 4 or more adenylic acid groupings, corresponding to poly-T regions in the DNA strand,7 serve as "commas" in messenger RNA. Among the various possible explanations for the differences in base composition between messenger RNA and the U-code are (a) messenger RNA consists of 27-42% of undiscovered triplets without U, some of which are coding triplets, and 58-73% of triplets containing U, 8nd (b) certain portions of messenger RNA may be noncoding sequences that separate the coding regions for specific proteins from each other. The base changes necessary to proceed from any one of the triplets in Table 3 to any other are found by listing the 600 (252-25) possible inter-triplet changes; 148 of these are one-base changes; 288 are two-base changes, and 165 are three-base changes. Of the 148 possible one-base changes, 50 are transitions and 98 are transversions. The production of triplets that are not known to code, such as AAA from AUA, is excluded in this computation. If it is postulated for the sake of argument that there is no relationship between the proposed "U-code" and the single-amino acid mutations listed in Table 2 , then a random sample of 44 of the 600 possible inter-triplet changes should contain, by coincidence, an average of 11 one-base changes, of which 4 should be transitions and 7 should be transversions. In contrast, the compilation in Table 2 indicates that 41 of the 44 changes are one-base changes and 25 of the 41 are transitions. This is a marked departure from randomness and indicates a close correlation between the code of Speyer and coworkers and the known single-amino acid mutations. The same conclusions are reached even if the chemically directed TMV mutations are excluded. It is still possible that some of the mutational changes apparently correspond to one-base changes in the code purely by coincidence but correspond also to additional onebase changes in a non-U series of triplets; it is difficult to select 3 changes that correspond to such a specification.
In terms of the U-rich code in Table 3 , 42 transitional mutations and 92 transversional mutations can result from single-base changes that lead from one coding triplet to another. Twenty of these transitional mutations and 13 of these transversional mutations (excluding duplications) are in Table 2 .
Many interspecies amino-acid changes in homologous proteins correspond to single-base changes in the U-code; others may be due to changes in which a segment of DNA several bases in length is substituted in the genetic molecule.21' 24 The recent observations by Wahba and co-workers43 indicate that the triplets should be read from right to left in terms of starting from the end of the polyribonucleotide that has an unesterified 3'-hydroxyl group.
Summary.-It is proposed that 25 different triplets of ribonucleotides, each containing at least one uracil, can function in messenger RNA as codes for the 20 amino acids that are involved in the biochemical synthesis of proteins. These triplets contain the base assignments that have been determined experimentally. 2' 35 Sequences are proposed for each triplet. Most of the known single-amino acid mutational changes in proteins correspond to single-base changes in the proposed series of triplets. It is possible that single-base changes in unknown additional coding triplets that do not contain uracil may account for other mutational changes. The base composition of the proposed code includes 48% uracil, 17% adenine, 17% cytosine, and 17% guanine and differs in this respect from the reported base composition of messenger RNA from various sources, which ranges from 28 to 35% uracil, 27 to 31% adenine, 16 to 24% cytosine and 21 to 24% guanine. The possible implications of this disparity are discussed.
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